Introduction
The density of the cells is 20% higher than the density of the surrounding NaCl solution. Without mixing or with insufficient mixing the cells sink down in the NaCl solution to the bottom of the cell mixer, stick together, the cell membranes may rip and the cells die. The cell mixer is made up of a little pot and a pipette (see Fig. 1 ). The cell suspension is moved from little pot to pipette and back via a displacement pump. The existing cell-mixer's volume has to be decreased from 1ml to 0.1ml cell suspension to save running costs. The quality of mixing has to be retained and the destruction of the cells due to high shear rates should not be increased.
The existing cell mixer is to compare to a scale model with a tenth of the volume and to a new design of a double pipette. Form and dimensions of the double pipette are based on the pipette from the existing cell mixer. 
Methods
The performance of the mixing process is identified by the distribution of the cells within the geometry. An increase of cell concentration at the bottom and a simultaneous decrease in upper sections of the cell mixer indicates insufficient mixing.
It is assumed that high shear rates and therefore high shear forces in a flow cause the death of cells. Since there is no velocity directly at walls high flow velocities in the mean flow implicitly lead to high shear rates. The shear rate describes the change of flow velocity perpendicular to the direction of flow, as shown in Eq. 1.
Due to high shear rates different velocities act on the two sides of the cell so that the cell may rip off. There is a trade-off between shear rate and performance of mixing. High flow velocities and therefore high shear rates may lead to destruction while low velocities lead to improper mixing and therefore sedimentation.
The shear rates can be investigated modelling a single phase flow because they are only dependent on geometry and velocity. For an incompressible three-dimensional flow the governing equations for mass and x-, y-, zmomentum (Navier-Stokes) are solved numerically via CFD. To simulate mixing and sedimentation of the cells a multiphase model is needed. The governing equations for mass and momentum are then solved for each continuous phase. The dispersed phase is coupled via force balance [1] . The system contains the three phases air, NaCl solution and cells. Since NaCl solution and air do not interpenetrate their interface is sharp. This so called Free Surface has to be modelled using an interface reconstruction. The cells are dispersed in the NaCl solution.
Two combinations of the FLUENT multiphase models are able to simulate the cells as dispersed phase moving in a continuous phase while this continuous phase has a sharp interface to another continuous phase. These two models, F  represents the forces due to drag, pressure, virtual mass, gravitation and others that act on the particle with mass p m and accelerate it. The DPM can be coupled with the basic VOF Model to take care of the interface between air and NaCl solution. The particle diameter is used to calculate the drag of the particle and its acceleration within the continuous phase. The volume fraction of the particles is not incorporated in the equations for the continuous phases so the model has problems with high particle loads. [3] The meshes for the three designs have about one million control volumes. The movement of the cell suspension has been controlled by specifying the mass flow rate of air into and out of the pipette as boundary condition. Ambient pressure has been applied to the other end of the double pipette or the top of the little pot.
Results
The maximum shear rate emerged at the tip of the pipette since the inner diameter is minimal at this position (see Fig. 2 ). This behavior confirms the analytical considerations and that the double pipette design is suited as cell mixer in terms of shear rate.
When using the Multi-Fluid VOF Model to describe mixing and sedimentation the cell phase contracts and forms spheres to decrease its surface. These spheres enlarge over simulation time. To counteract this coalescence the viscosity of the cell phase has been increased and different reconstruction schemes have been applied. However, it was only possible to slow down the coalescence but not to avoid it completely. Hence it was not possible to approach reasonable results in terms of mixing and sedimentation using the Multi-Fluid VOF Model.
Since the particles in the DPM can be solid no problems with coalescence occur. To investigate the behavior of the DPM a simulation without fluid movement to suppress mixing and to observe sedimentation has been set up. Fig. 3 shows the descent of the cells left of the tip. While the concentration of cells decreases at the top of the pipette it increases at the bottom over time. The color map of the concentration in Fig. 3 has been cut off at 10 kg/m^3 to make the upper regions in the double pipette with lower cell concentration visible. Although these first results look promising further investigations in the DPM have to be made. 
Discussion
The maximum shear rate of the double pipette does not outvalue the shear rate of the original cell mixer. In this respect the double pipette is suited as cell mixer. To compare the designs in mixing and sedimentation further investigations in the DPM have to be made. The problem could not be solved using the Multi-Fluid VOF Model.
